Groundwater in the Netherlands is a major resource for drinking water. As such it must be carefully monitored and managed. Evaluation of the European Water Framework Directive (EU-WFD) showed that protection of this valuable resource needs improvement. The Drinking Water Protection File identifies necessary measures needed per water abstraction site. The Protection File is part of the Dutch national EU-WFD implementation strategy, intended to improve the protection level of groundwater resources. It consists of a national top-down framework and a regional bottom-up process, which respectively enforces commitment and enhances stakeholder awareness regarding risks and actions needed regarding the identification and implementation of measures enhancing the protection level of groundwater resources. It is yet uncertain whether the initial implementation of the measures in the first planning cycle is adequate to obtain compliance with EU-WFD objectives in 2021, because (i) some of these measures are on a voluntary basis and (ii) standards for the remediation of point source pollution and allowed application of nutrients do not currently comply with drinking water standards.
Introduction
Drinking water in the Netherlands is produced from both groundwater and surface water. Approximately 60% of the drinking water is produced from groundwater, while the remaining 40% is produced from surface water (Wuijts, 2013) . The production of drinking water from all sources substantially increased in the period 1950-1990 from 300 to 1,200 million m
The choice between these resources is determined by the availability and quality within a specific region (Wuijts et al., 2011) . Intake of surface water mainly takes place along the major rivers in the country and supplies the western part of the Netherlands. In the other parts of the country drinking water is provided from groundwater. The drinking water companies operate some 200 well fields with capacities ranging from 0.5 to 10 million m 3 /year. Abstracted groundwater generally contains no pathogenic microorganisms and is protected from the direct impacts of human activities at the land surface by the covering soil layers.
However, this 'natural' protection is insufficient to safeguard the future water quality at many of the well fields. This paper addresses the importance of additional protection by legislation and regulations of groundwater, including river bank filtration resources.
In the 1980s, the National Government initiated groundwater protection policies, specifically for groundwater abstractions for drinking water and generally to make land use sustainable. The resulting legislation did not appear to provide sufficient protection of groundwater for human consumption in practice when the European Water Framework Directive (EU-WFD) was introduced in 2000 (European Union (EU), 2000). The national and regional stakeholders agreed to set up so-called Drinking Water Protection Files in order to meet these requirements as a combination of a topdown and a bottom-up approach in which all stakeholders are engaged and work together to design and implement appropriate measures to increase the protection of drinking water abstractions as specified by the EU-WFD.
Central questions of this study
The objective of this study is to evaluate the Drinking Water Protection Files regarding the protection of groundwater resources. Do they enforce a better standard of protection of drinking water abstractions in practice and will the EU-WFD objectives in the Netherlands thus be met?
Background

Groundwater hydrology of the Netherlands
The groundwater hydrology in the Netherlands is controlled by unconsolidated Quaternary sediments (see, for instance, Dufour, 2000) . These sediments act as an interconnected aquifer system, which are several hundred metres thick in large parts of the Netherlands. They contain saline groundwater in the western and northern parts of the country near the North Sea. In some areas near the eastern border, there are no exploitable aquifers and as such no groundwater abstractions.
Most groundwater abstractions are located in southern, central and eastern regions with sandy unconfined aquifers of Pleistocene origin. However, there are local semi-confining layers of Holocene origin. Often, clay layers occur within the Pleistocene sand layers, dividing the system into two or more aquifers (Cramer et al., 2010) . As a consequence, the regional geohydrological situation is heterogeneous, resulting in a wide range of travel times of groundwater flowing towards the abstraction wells. Infiltration of rainfall is by far the major contributor for the recharge in the sandy areas, with typical recharge figures of around 300 mm/year (Meinardi, 1994) .
Pressures on groundwater quality
The Netherlands is very densely populated with intensive land use and conflicting interests such as urbanization, agriculture, nature conservation, industrial activities and transport, resulting in stresses on the groundwater quality. The population of approximately 16.4 million inhabitants lives within an area of about 38,873 km 2 . The intensive land use results in both a combination of functions and conflicts between functions. Large diffuse pollution occurs in agriculture (70% of land surface) and built-up areas (17% of land surface) while the remaining natural area (13% of land surface) does not affect the drinking water function.
Post-war intensification in agriculture resulted in increased production and application of animal manure (Aarts, 2000) . This has led to an unsustainable situation for groundwater quality, especially for unconfined abstraction in the sandy southern, central and eastern regions. Even today, the Netherlands still faces large-scale environmental problems as a result. This is visible not only in high nitrate concentrations in groundwater and nitrogen in surface waters. Other dimensions of the problem are the agricultural emissions of phosphate, ammonia, heavy metals, pesticides, greenhouse gases and veterinary pharmaceuticals (Cramer et al., 2010) .
The pressure in urbanized areas results from the numerous stakeholder activities. As a result, groundwater in urbanized areas contains substances from industrial, domestic and pharmaceutical origin. In addition, the groundwater quality is impacted by point source pollution from the past. A recent inventory and update of point source pollution showed that the Netherlands still has a total of 6,192 point sources that need further investigation. From these statistics, 1,420 point sources are located in the vicinity of the groundwater abstractions (3B, 2013). The top three polluting activities resulting in over 50% of this legacy of the most hazardous groundwater pollution sites are fuel filling stations, chemical industries, and chemical laundries (UP Bodemconvenant, 2013) .
Protection policy on a national scale
Increasing awareness of the pressures on groundwater quality led to the development of an integrated soil and groundwater protection policy in the 1980s (Moen & Cramer, 1987) . Protection zones specifically for drinking water abstractions and a general environmental policy were set up.
In 1980, national guidelines were designed for (i) delineation of Groundwater Protection Areas based on travel times of groundwater in the aquifer towards the well field, usually 25 years, and (ii) risk-based restrictions for land use and other activities in these zones. Since then, regulations for Groundwater Protection Areas have been further developed and implemented at regional (provincial) level. Today, the total surface area of Groundwater Protection Areas is 5% of the total land surface of the Netherlands. The portion of the 100-year capture zones is approximately 10% of the total land surface. However, the areas of the capture zones outside the Groundwater Protection Areas generally have no special protection status.
The environmental policy is based on two tracks: an effect-oriented and a source-oriented track. These tracks are built on basic principles of: standstill, abatement at the source, polluter pays, prevention, precaution, best available technologies/techniques and best environmental practice. The effect-oriented policy defines the objectives that are to be pursued with respect to the quality of the environment in the Netherlands and the tasks to be implemented by the defined target groups, such as industry and agriculture. In addition, a source-oriented policy indicates the manner and the pace in which the behaviour of target groups will be adjusted, with respect to achieving these environmental quality objectives and actions formulated in the framework of the effect-oriented policy. For example, the Nitrate Directive contains a manure threshold (source-oriented measure) while, on the other hand, groundwater remediations are designed to meet a certain standard (effect-oriented measure).
Developments at European level
In 1984, both the Environment Council and the Agriculture Council discussed the integration of environmental concerns in agriculture policy. This was followed in 1985 by a Green Paper of the European Commission on the perspectives for a common agricultural policy (CAP) (EU, 1985) . Subsequent consultations and discussions resulted in inter alia the Pesticides Directive (EU, 1991a , revised in 2009 (2009 ) and the Nitrate Directive (EU, 1991b) , which aim to achieve a sustainable use of pesticides (Article 1, Pesticides Directive) and manure (Articles 1 and 4, Nitrate Directive) and to protect vulnerable waters (Pesticide Directive, Article 11), specifically related to pollution caused by nitrate and pesticides. A European Ministerial Seminar held in The Hague (1991) discussed the serious threats to groundwater quality throughout the European Union and called for an integrated approach for the protection of groundwater as well as surface water. This proved to be a strong political signal to aim for a consistent legal framework that led to the Water Framework Directive (WFD) (EU, 2000) and the Groundwater Directive (GWD) (EU, 2006) . Both directives, together with the Nitrate Directive, aim to achieve a long-term protection framework (Article 1, WFD), a good status of all water bodies (Article 4, WFD), and hold specific objectives to reduce inputs (Article 6, GWD) and to secure the water quality of resources for human consumption (Article 7, WFD).
Implementation of the EU-WFD
The implementation of the EU-WFD has led to overarching objectives and time-bound commitments for waterbodies intended for human consumption. Therefore, a critical review of policies, instruments and practices related to groundwater protection policy for public water supply in the Netherlands was carried out (Van den Brink & Buitenkamp, 2006) . The most important finding was a gap between theory and practice. The necessary legal instruments and knowledge base are available, but the practical protection is below the required level because of lack of awareness and sense of urgency, complexity of the institutional framework with too little central steering, and inadequate enforcement. It was also found that protection measures should be fitted to the risks of individual groundwater abstractions, to provide focus on the improvement of the protection, and that more efforts were needed to achieve the EU-WFD objectives.
Method
In 2007, a policy note of the Ministry of Housing, Spatial Planning and the Environment (currently the Ministry of Infrastructure and the Environment) addressed the outcome of the reviews and announced a set of short-term actions (Landelijk Bestuurlijk Overleg Water (LBOW), 2007), as follows:
• Clarification of roles and responsibilities related to groundwater protection.
• Practical implementation of legal designation of public water supply as imperative reason of overriding public interest as laid down in the Drinking Water Act (Anonymous, 2009) . This provision will have to put more emphasis on groundwater protection in decision-making processes.
• Review of priorities in the remedial action programmes for historical groundwater pollution.
• Creation of a common information basis for each abstraction site: the Drinking Water Protection File.
These Drinking Water Protection Files were new instruments intended to be filled in by all stakeholders involved with the protection of drinking water resources, including national authorities, provinces, municipalities, water authorities and drinking water companies (Nationaal Water Overleg (NWO), 2010). A protocol was set up to provide guidance (Wuijts, 2010) .
Groundwater protection policy is implemented in most of the neighbouring countries of the Netherlands, like Belgium, the United Kingdom, Germany and Denmark, using comparable leading principles for delineating protection zones (e.g. Rhine Coordination Committee & International Commission for the Protection of the Rhine (RCC & ICPR), 2009). The challenges for groundwater quality and the tools used for risk assessment are comparable too (e.g. Marchant et al., 2011; Overheu et al., 2011; Six et al., 2015) . The focus on roles and responsibilities of stakeholders in the Drinking Water Protection Files can be recognized too in a more general international arena on sustainable use of groundwater, groundwater protection and safe drinking water production in the USA, European working groups and The approach described in this study, to combine a top-down framework and a bottom-up working process with all stakeholders involved, is not yet commonplace in policy practice. Compared to other existing policy processes and systems in the Netherlands, the Protection Files acknowledge the necessity of the support by stakeholders to comply with the EU-WFD objectives. This is consistent with a more general observation that environmental objectives cannot simply be met by enforcing national and provincial regulations only (Driessen & Glasbergen, 2000 , 2002 and that water governance as connective capacity is also necessary to achieve these objectives (UN-Water, 2013; Edelenbos & Van Meerkerk, 2015) .
The content of the Protection Files does not have any legal status, but is based on voluntary agreements between the stakeholders. Provinces have the lead in the process and monitor the progress of the realization of appropriate measures. At the start of this process, some parties were worried that this type of agreement is not legally binding and hence unenforceable and may therefore be problematic for the achievement of the EU-WFD objectives. It was therefore agreed to evaluate the progress of the Protection Files and their effectiveness and if it were to be insufficient, legislation would be considered.
The Protection File describes all factors that might influence water quality, now and in the future (Van den Brink et al., 2005; Wuijts et al., 2007; Ten Heggeler et al., 2010) . Assessment of quantitative aspects is not yet part of the Protection Files. A protocol was set up to ensure that all future and additional Protection Files hold similar elements (Wuijts, 2010) . The agreement on the realization of measures is made following a risk assessment and identification process as to what is needed to reduce or eliminate the risks of a specific drinking water abstraction.
Protection File: connection between policy and actual protection
In order to connect the top-down framework with the local situation at an abstraction site, actual and future risks for the groundwater quality are described from three perspectives within the Protection File:
• The current and predicted or expected water quality.
• The hydrogeological system combined with the land use (conceptual model) (EU, 2010) , which gives an indication of possible risks for the groundwater quality.
• The implementation of the protection policy in regional and local environmental and spatial plans. New risks for groundwater quality can be introduced by inadequate application processes and enforcement.
The first perspective, the actual groundwater quality, monitored in the individual abstraction wells, illustrates the vulnerability of the abstraction for certain impacts from land use. If anthropogenic pollutants are detected, it is shown that the groundwater system is vulnerable to anthropogenic activities.
Several studies have been conducted on the relationship between land use and groundwater quality (e.g. Secunda et al., 1998; Lake et al., 2003; Thirumalaivasan et al., 2003) . Their emphasis, however, has shifted from describing the vulnerability of the groundwater system to describing the impact of land use on the groundwater quality as this can be used to generate guidelines for sustainable groundwater management (Collin & Melloul, 2001; Kersenbaum et al., 2003) . As a result, the conceptual model used in the second perspective of the Protection File distinguishes between the vulnerability of the abstraction site and the impact made by land use. This vulnerability is determined by the (hydro)geological and geochemical characteristics only, whilst the impact by land use determines the estimated load of pollutants. The possible risks are obtained by combining the vulnerability of the abstraction site with the characteristics of the pollutants (Laeven et al., 1999) . The characterization of the pollutants consists of scores indicating the possible impact of point, line and diffuse pollution sources on groundwater quality.
A third element considers the implementation of the groundwater protection policy at the abstraction site itself and its protection zone in provincial and local plans and regulations (both environmental and spatial), which is one of the conditions needed in order to prevent future risks.
Implementation of Protection Files
Since the national agreements were made in 2010, Protection Files were set up for over 85% of the abstractions in the Netherlands. These Protection Files were nationally evaluated in order to identify the actual and potential risks for the protection of drinking water resources now and in the future and to identify the measures that need to be initiated from a national level (Wuijts et al., 2014) . The information generated from this evaluation, in combination with the experiences from the bottom-up process, is used to address the questions in this study. Do the Protection Files produce an adequate risk assessment; does the working process really enforce the protection policy in practice and thus result in the achievement of the EU-WFD objectives? The former will be answered by reviewing the results of the national evaluation, the latter by experiences from the bottom-up process.
A programme of measures is already available for over 50% of all groundwater abstraction sites. For some specific sites, discussions are still ongoing with the parties involved. Therefore, a national evaluation is not yet available, but it can be done for provinces that are prepared (with a total of 122 well fields).
The province of Drenthe as a case study of the bottom-up process This case study can be regarded as representative for the organization of the 'bottom-up' process and several of the pressures threatening drinking water abstractions. In addition, it covers different geohydrological situations occurring in the Netherlands.
The province of Drenthe is located in the northern, sandy Pleistocene area of the Netherlands. Compared to other areas in the Netherlands, the pressure on the groundwater quality by urbanization is relatively low, but the pressure by agriculture -especially pesticides -is relatively high. In this province, 16 groundwater abstractions are present with abstraction rates between 2 and 5 million m 3 /year. Under the guidance of the province, Protection Files have been set up together with the drinking water companies, water boards, railroad company, municipalities and representatives of nature conservation, private landowners and agriculture (Van den Brink & Brilleman-Hordijk, 2011) . This process consisted of:
• notification of the stakeholders by mail;
• three regional sessions with stakeholders explaining the aim of the project and basic information regarding land use, groundwater quality and the protection of drinking water abstractions;
• data collection by bilateral communication with stakeholders about required data and policy documents;
• review of the draft protection files by bilateral communication with the stakeholders;
• formal drawdown of the protection files by the province and presentation of the Protection Files to the representatives of all stakeholders.
The programmes of measures have been set up together with the same stakeholders, as the next step in the process (Van den Brink & Brilleman-Hordijk, 2014 ). This process consisted of:
• three regional sessions with stakeholders explaining the aim of the project and to discuss possible measures;
• identification of measures in bilateral discussions with municipalities;
• identification of measures with other stakeholders by mail;
• agreement on the organization and financing of the action programmes by bilateral discussion with the drinking water companies;
• formal drawdown of the action programme by the Province and signing of the action programmes by the representatives of the municipalities in February 2014; all other stakeholders were invited for this meeting, as parties concerned.
Results
Assessment of risks
At the beginning of 2014, a Protection File was set up for over 85% of all 238 groundwater abstractions according to the national agreement in 2010. All files available (206) have been analysed on the aspects that are within the protocol. However, although the Protection Files contain much information on the problems and risks at an abstraction site, this doesn't necessarily imply that all risks are clear or apparent. The analysis could be improved by making a more explicit connection between the activities and the risks they impose on groundwater quality as well as monitoring those risks. This is especially relevant for the somewhat 'unknown' sources of pollution, such as the infiltration of surface water and underground activities such as thermal storage systems.
The national evaluation showed that in the Protection Files risks concerning water quality are evaluated in a consistent manner. In addition, distinctive risks for each individual abstraction site could be identified. The case study in this paper, for the province of Drenthe, confirms this observation (see Table 1 ).
In the Netherlands, approximately 96 of the 206 reviewed groundwater abstractions have to deal with water quality issues (see Figure 1) . These issues are expressed as 'exceedances of standards'. In addition, the Protection Files hold a risk assessment of current activities, within the protection zone, for future groundwater quality and the implementation of the protection policy into local spatial planning.
From risks to measures
Based on the risks and possible measures that were identified in the Protection Files, a programme of measures is then implemented. At the beginning of 2014, this had been done for 122 out of a total of 224 abstraction sites, of which 93 where available for evaluation. The question of whether the results of the risk assessment in the Protection Files can be used to identify effective measures is answered by evaluating the programme of measures within a number of individual abstraction sites. As a consequence, it is not possible to present a complete overview of the current Dutch situation. It is however, possible to make some general observations:
• Measures have been formulated for most of the identified risks. The expected effects of these measures often have not been specified.
• Most measures concern the prevention and limitation of new groundwater pollution. Current groundwater quality problems aren't being resolved by these measures.
• The largest budget is spent on actual groundwater quality issues, i.e. point sources and diffuse source such as nutrients and pesticides.
Implementation and execution of measures
During the process, the emphasis gradually shifted from the investigation on effective measures to the process of coming to agreements on the measures that are going to be implemented. The stakeholders involved accepted the findings from the Protection File and the assessment of risks (Wuijts et al., 2014) . Based on a common understanding and clarity of the risks, the necessity of the type and extent of the measures has generally been accepted by all parties. Discussion therefore focused not so much on the necessity of measures, but rather on the time frame and the division of costs. On this basis, agreements -even across administrative borders -could be drawn up and established. Figure 2 shows the planning cycle of the EU-WFD. The cyclic process of the Protection Files, together with the programme of realization of necessary measures, follows the same time frame.
In addition to measures in Groundwater Protection Areas to protect abstraction sites by reducing risks, drinking water companies will implement appropriate actions as and when this is required in order to continue to produce safe and reliable drinking water. This includes deepening of abstraction wells; use of abstraction wells to intercept pollution plumes; increase of the purification effort; and reallocation or even closure of the well field. The reduction of risks in the groundwater protection area, in combination with targeted oriented monitoring at the abstraction site, aims to produce sustainable drinking water production and fits within the timing and cyclic process of the EU-WFD.
Currently, the measures formulated for individual abstraction sites are being assembled in a second series of River Basin Management Plans (RBMPs) required by the EU-WFD. This makes these measures obligatory and an improvement of the previous -inadequate -enforcement of the environmental plans, because the progress of the implementation of the measures is part of the reporting obligation of the EU-WFD.
Case study province of Drenthe: evaluation of the bottom-up process Table 1 shows the risk analysis with summary for groundwater abstractions in this province. The collected data, methodology and instruments used for this risk assessment and results have been illustrated within the Protection File in the form of maps and tables.
This analysis shows the different local and regional vulnerability, risks and pressures within individual abstraction sites. In five out of 16 abstraction sites (Zuidwolde, Holtien, Assen, AnnenBreevenen, and Hoogeveen), the quality of groundwater is protected by aquitards in the form of continuous clay layers covering the pumped aquifer, while in three of these sites (Zuidwolde, Holtien, and Assen), this natural protection in combination with the pollution threat is adequate to prevent any risks. Anthropogenic substances such as organic micro-pollutants (from point sources) or pesticides (mainly from agricultural use) are found in the abstracted groundwater in 10 out of 16 sites. In six cases the groundwater quality standards are exceeded. In addition, the implementation of the protection policy -important to reduce or prevent future risks -is adequate in five out of 16 groundwater abstraction sites. For the remaining 10 sites, the protection policy is not, or only partially, implemented in the spatial plans of the municipality. Together with the stakeholders, a specific set of measures is selected for each individual abstraction site depending on the risks identified (Table 2 ). This applies in particular to measures linked to actual risks (measures 1-6). For example, the approach for point sources, agriculture or the sewer system is only relevant if the analysis shows that there is an 'actual risk' caused by these forms of land use. As part of the implementation programme, the measures will be worked out in greater detail depending on the local situation. In the case of point sources, measures consist of a site investigation and, if necessary, remediation of the polluted site. In the case of threats caused by agriculture, measures focus on the reduction of emissions of nutrients and pesticides by making adjustments in farming processes.
Measures that focus on future risks are for the most part more generic in character (measures 7-13). These measures are mostly policy solutions, focused on safeguarding groundwater interests in the daily life activities of companies and communities such as the use of pesticides, washing cars within 'groundwater protection zones' or planning new activities that may impact groundwater quality within these zones.
Research focused on closing knowledge gaps (measures 14-16) is necessary for decision making on adequate actions to reduce risks. These could be general gaps in understanding or policy knowledge but also include monitoring and evaluation measures.
This programme of measures of the province of Drenthe was signed by the regional authorities on 14 February 2014 and is assimilated within the second series of RBMPs. 
Discussion
Connection of the top-down framework and bottom-up process
The time-bound requirements needed by the EU-WFD have acted as a window of opportunity to speed up the process of the establishment of Protection Files as a tool to improve the protection of drinking water resources, which is now nearly complete.
A top-down framework could be developed which would prompt a breakthrough in more engagement in groundwater protection (NWO, 2010) . In addition to this, the agreements on the roles and responsibilities of the regional authorities (provinces), drinking water companies and water boards at a national level have already helped to structure the bottom-up process. The option of using a regional bottom-up process to set up the Protection Files contributed to greater involvement and awareness among stakeholders involved in protecting groundwater abstraction sites (Van den Brink et al., 2012) and is valued by all stakeholders.
The use of a protocol for each Protection File means that it is possible to compare abstraction sites with each other. As a result, various aspects of individual sites can be compared on a regional, provincial or even a national scale.
The added value of applying a systematic approach to analyse current and future risks ensures that measures focused on actual quality problems and risks are implemented. For example, the 'protection status' forms a basis to help avoid new future risks. In the longer term this will form the best guarantee for safeguarding a sustainable drinking water supply and reducing the necessary amount of drinking water treatment.
The outcomes of the risk evaluation component within the Protection File have the capacity to add value and complement the drinking water company's own existing activities based on a wealth of experience gained from operating an abstraction site for decades, particularly regarding potential future risks. The transparent approach and outputs also increase the understanding of the groundwater quality aspects among third parties such as municipalities, and representatives of agriculture, nature conservation and water authorities, which in turn enables the agreement process, increasing the likelihood of acceptance by all parties.
As a consequence, specific risks at certain abstraction sites have already been identified together with a national consistent overview. However, there is room for improvement regarding the uniformity of the files, the clarity and description of the risks as well as the management of such risks. For instance, this could be achieved by focusing monitoring programmes directly on activities such as specific risks, substances and pollution pathways. Further improvements can also be made in the implementation of the protection policy on a local scale to avoid future risks (see Figure 3) .
The setting up of a Protection File can be a time-consuming process, as multi-stakeholders need to be engaged from the outset. The quality and success are therefore generally strongly determined by the directors of the provinces. As such, there are real differences in provincial approaches that result in varying outcomes in realization, time frame and quality of the Files (Wuijts et al., 2014) .
Effectiveness of risk-based measures
The methodology used within the Protection File to analyse and evaluate the risks is not only transparent but also provides results tailored for individual groundwater abstraction sites. This indicates that measures should also address site-specific risks and suggests a risk-based approach for the development of any solutions.
The protocol describing the set-up of the Drinking Water Protection File now focuses on the set-up of the Protection File only. This protocol can also be improved by offering a systematic approach to the With this approach, measures are identified that address specific risks. From this perspective, these measures can be regarded as being additions to a general list of bans and limitations within groundwater protection areas. On the other hand, most measures do actually give a new and more precise incentive to existing regulations. Different objectives within different regulatory frameworks like the Drinking Water Act and the Soil Protection Act, but all of relevance in the protection zone, have previously stifled discussions on remedial actions. As a result of the transparent Protection File policy, they can, once again, be debated based on a common understanding of risks and a shared sense of urgency of the stakeholders.
Compared to measures from the pre-Protection File policy era, the focus is shifting from remediation of current risks towards the prevention of future risks and a closure of knowledge gaps ( Van den Brink et al., 2012; Van den Brink & Brilleman-Hordijk, 2014; Wuijts et al., 2014) . Part of these solutions also enhances the existing (pre-Protection File) policy to the level required within the EU-WFD as well as increasing awareness and adding a sense of urgency to take action. Figure 4 illustrates the role of the Protection File in the groundwater protection policy (McGonigle et al., 2012) . The national and provincial policy is based on the existing legal framework. It should be noted however, that groundwater protection areas often have dual functions such as residential and agricultural areas. Only a limited list of functions and activities are excluded based on national and provincial regulation. As a result, the identification and implementation of measures are not just a content-driven approach directly following the results of the risk assessment. It is rather a negotiation process aimed at increasing the protection status of the abstraction site by providing advice on supplementary policy and guidance on voluntary approaches such as agreements with farmers and other stakeholders.
A significant challenge within this engagement process is the fact that the standards used in the Netherlands for the remediation of point source pollution sites from groundwater currently do not comply with drinking water standards (Wuijts et al., 2014) . In addition, the allowed use of nutrients does not comply with drinking water standards in vulnerable areas in the Netherlands ( Van den Brink et al., 2015) . However, the Protection File provides an insight into the risks at each abstraction site, making it possible to develop targeted incentives. The effectiveness and acceptance of these incentives are based on the common information and understanding of risks contained within the file.
Measures and the obligation of results of the EU-WFD
Within the 1st and 2nd planning stages of the EU-WFD (2009-2015 and 2015-2021 , respectively), it has not been possible yet to fully assess whether the package of measures undertaken will result in compliance with their objectives and additional national protection targets. For this purpose, too little information is available on trends, land-use functions and the role of historical pollution already in the groundwater system that is moving towards the abstraction wells. Also, it is still unknown whether the outcome of the effectiveness of a number of measures that have been defined in improvement of groundwater quality and within the given time frame will provide the results needed.
In addition, it is worrisome that national and provincial regulations themselves are inadequate in establishing a protection level to meet drinking water standards for the stresses from issues such as agricultural land use and the remediation of point sources. As a result, compliance with the EU-WFD objectives is partly dependent on voluntary agreements with individual stakeholders. The Drinking Water Protection Files and the bottom-up process are a major improvement, both from a scientific and from a societal (more knowledge and support) point of view to increase awareness, interest and effectivity of groundwater protection, but there are no guarantees that the objectives can be met.
The near future will ultimately demonstrate whether the common understanding of the risks and acceptance of the need to implement measures will turn out to be an adequate basis for the implementation of the programme. If this is not the case, the national authority envisages establishing enforceable regulations for some of these topics for groundwater protection areas. Currently, further studies are being carried out on emissions of nutrients and pesticides, the relationship with groundwater quality at the abstraction site, and the possibility of what these policy measures might deliver.
Conclusions
Making Drinking Water Protection Files compulsory, together with organizing a framework (top-down), has provided a consistent structure for the risk assessment of groundwater abstractions and addressed the previous problems of 'lack of commitment'. The bottom-up approach has enhanced the awareness and insight of regional stakeholders and an understanding of the necessary measures in implementing protection policy. This underlines the importance of periodic updates of the Protection File.
The methodological approach using Protection Files also gives an insight into the relevant quality of groundwater abstractions, which is a basis to identify and select measures in bringing about a balance between eliminating bottlenecks, current risks and avoiding future risks. However, the quality and success of a Protection File will be ultimately determined by the stakeholders within the process. In addition:
• the Protection File process improves the acceptance of the risks and ensures that measures are better geared to the actual abstraction site risks, resulting in more societal support implementing them;
• the risk assessment can be compared between various physical scales (abstraction site, province, nation); this offers the possibility to evaluate the effectiveness of regulations and policy plans.
The Protection File with cyclic evaluation is a major improvement of the protection level of drinking water abstractions. However, the effectiveness of this process in meeting the EU-WFD objectives has yet to be proven in practice for now, since the effectivity of some of the measures is not based on enforceable regulations, rather on voluntary agreements with individual stakeholders.
